The leading subtype of lung cancer, adenocarcinoma, received a new classification in 2011 when multifocal, pneumonic-type mucinous tumors, formerly called mucinous bronchioloalveolar carcinomas, were reclassified as "invasive mucinous adenocarcinomas." These tumors appear to be less sensitive to chemotherapy than other non-small cell lung cancers. We herein report two cases of invasive mucinous adenocarcinoma that showed a dramatic radiologic response to combination therapy with cisplatin, pemetrexed and bevacizumab. Recent data suggest that the use of paclitaxel-based chemotherapy is an acceptable therapeutic strategy in cases of invasive mucinous adenocarcinoma. The cases reported here and preclinical findings suggest the therapeutic efficacy of cisplatin, pemetrexed and bevacizumab in treating such tumors.
Introduction
In 2011, a new classification of adenocarcinoma of the lungs was published (1, 2) . One of the major changes is the reclassification of the carcinoma formerly known as mucinous bronchioloalveolar carcinoma (BAC) to "invasive mucinous adenocarcinoma (IMA)." IMA was placed in a new category due to its unique radiologic, morphologic and genetic characteristics. There are reports of greater chemoresistance in tumors previously categorized as BAC (3, 4) . In a prospective study comparing four platinum-based chemotherapy regimens as first-line therapy in advanced non-small cell lung cancer (NSCLC) patients, the Eastern Cooperative Oncology Group (ECOG) 1594 trial, the response rate of advanced BAC to chemotherapy was lower than that of other NSCLC pathological subtypes [6% versus 20% (5)]. We experienced two cases of IMA that showed a rapid and dramatic response to combination therapy with cisplatin, pemetrexed and bevacizumab. We herein report on these cases with a special focus on the efficacy of this treatment regimen. ]. An immunohistochemical analysis was positive for cytokeratin (CK) 7 and negative for CK20 and thyroid transcription factor-1 (TTF-1).
The patient underwent first-line treatment with cisplatin (75 mg/m 2 ), pemetrexed (500 mg/m 2 ) and bevacizumab (15 mg/kg) starting on day 1 every 21-28-day cycle, along with folic acid and vitamin B12 supplementation. The radiologic response was considered to be nearly complete after four cycles ( Fig. 1C, D) . No treatment-related toxicities were apparent. Following the completion of these treatments, pemetrexed and bevacizumab were continued as maintenance therapy every 21 days. The patient suffered a clinical deterioration that led to a cough with sputum again as a result of disease progression after three cycles of maintenance therapy.
Case 2
A 73-year-old woman, a current smoker (Brinkman index: 840), presented with a productive cough with sputum of five months duration, although she had maintained an ECOG PS of 0. Auscultation of the lungs revealed bilateral coarse and fine crackles. CT showed bilateral pulmonary alveolar consolidation with ground-glass opacity and emphysema, par-ticularly in the left upper and lower lobes and right lower lobe ( Fig. 2A, B ). The patient was diagnosed via a transbronchial biopsy in August 2012 as having IMA with negative EGFR polysomy/mutations and the EML 4-ALK fusion gene. There was no evidence of extrathoracic metastasis on abdominal CT, brain MRI or bone scintigraphy. The clinical staging was stage IV [cT4N0M1a (PUL)]. An immunohistochemical analysis was positive for CK7 and negative for CK20 and TTF-1.
The patient underwent first-line treatment with cisplatin (75 mg/m 2 ), pemetrexed (500 mg/m 2 ) and bevacizumab (15 mg/kg) starting on day 1 every 28 days, along with folic acid and vitamin B12 supplementation. After one cycle, mild renal failure appeared, and the dose of cisplatin was reduced to 75% of the initial dose for the following cycles. A major radiologic response was achieved after four cycles (Fig. 2C, D) . The only treatment-related toxicity was mild renal failure. Following the completion of these treatments, pemetrexed and bevacizumab were continued as maintenance therapy every 28 days. After four cycles of maintenance therapy, the patient did not present with any clinical symptoms; however, she a exhibit a radiological deterioration.
Discussion
IMA, formerly known as mucinous BAC, is derived from metaplasia of the bronchiolar epithelia. It presents more frequently as a pneumonic-type infiltrate, rarely demonstrates EGFR polysomy/mutations and much more frequently harbors and is driven by K-ras mutations (6) . On immunohistochemistry, the mucinous type is positive for CK7; however, in contrast to the nonmucinous type, the mucinous type is also typically positive for CK20 and negative for TTF-1 (7, 8) . Recently, immunohistochemistry studies of the mucinous type have given variable results. TTF-1, if positive, is weak and patchy, while CK7 is usually somewhat positive, with CK20 being even less so (6) . These oncogenic cytological characteristic differences may lead to different therapeutic responses.
We experienced two cases in which cisplatin, pemetrexed and bevacizumab were effective for IMA. The AVAPERL study (MO22089), presented at the 2011 European Multidisciplinary Cancer Congress, revealed significant efficacy and safety of this therapeutic regimen against advanced NSCLC (9); however, the frequency of IMA in that study was not evident. Historically, mucinous-type BAC has appeared to be resistant to EGFR tyrosine kinase inhibitors (EGFR-TKIs) and may be more responsive to taxane-based chemotherapy; the objective response rate of paclitaxel following a 96-hour infusion was reported to be 19% (10) . The details of the cases reported here suggest the therapeutic efficacy of combination therapy with cisplatin, pemetrexed and bevacizumab in patients with IMA.
There are only two reports of IMA exhibiting a durable response to pemetrexed (11, 12) . Pemetrexed, a potent antifolate recently developed as an effective agent for NSCLC, targets three enzymes involved in nucleic acid synthesis, in particular thymidylate synthase (TS) (13) . Takezawa et al. reported that a high level of the TS expression in NSCLC tumors is significantly associated with a reduced tumor response and a shorter progression-free survival in patients treated with pemetrexed combined with platinum agents. They suggest that the TS expression is a potential predictive marker for chemosensitivity to pemetrexed in patients with NSCLC (14) . Moreover, it has been suggested that a lower TS expression in adenocarcinoma of the lungs may explain the higher antitumor activity of TS-inhibiting agents, such as pemetrexed (15) . With a low level of expression being favorable in terms of a response, the expression of TS may be low in IMA patients. However, the TS gene expression in tumors diagnosed as IMA and other types of adenocarcinoma has not been reported.
In contrast, bevacizumab, a monoclonal antibody active against vascular endothelial growth factor (VEGF), has shown efficacy in patients with a variety of cancers. The addition of bevacizumab to a standard, platinum-based chemotherapy regimen improves overall survival in patients with advanced non-squamous cell NSCLC and a good ECOG PS. In addition, bevacizumab prolongs progression-free survival and improves the response rate (16) . Jain reported that an elevated VEGF level causes a disorganized and "leaky" vasculature within the tumor; this effect elevates interstitial pressure and thus decreases the delivery of chemotherapeutic agents to the tumor (17) . Subsequently, Willett et al. found that bevacizumab increases drug delivery to the tumor (18). This mechanism may explain the response to chemotherapy observed in our cases.
Our two cases suggest a high sensitivity of IMA to combination therapy with cisplatin, pemetrexed and bevacizumab. Further prospective studies are needed to clarify the efficacy of this therapeutic regimen for the management of IMA.
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